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Graphical abstract 
 
 
 
Abstract 
 
Vital sign monitoring is an important body measurement to identify health condition and diagnose any 
disease and illness. In sports, physical exercise will contribute to the changes of the physiological 
systems, specifically for the vital signs. Therefore, the objective of this study was to determine the 
effect of physical fatigue exercise on the vital sign parameters. This is significant for the fitness 
identification and prediction of each individual when performing an exercise. Five male subjects with 
no history of injuries and random BMI were selected from students of biomedical engineering, Universiti 
Teknologi Malaysia. Based on the relationship between physical movement and physiology, the 
parameters considered were heart rate, blood pressure, and body temperature. Subjects were required 
to run on the treadmill at an initial speed of 4 km/h with an increase of 1 km/h at every 2 minutes 
interval. The effect of exercise was marked according to the fatigue protocol where the subject was 
induced to the maximum condition of performance. All parameters were measured twice, for pre and 
post exercise-induced protocol. The analysis of relationship of each parameter between pre and post 
fatigue was p<0.05. The results revealed that the heart rate and gap between blood pressure’s systolic 
and diastolic were greater for all categories except underweight, where the systolic blood pressure 
dropped to below 100mmHg at the end of exercise. Also, the body temperature was slightly declined 
to balance the thermoregulatory system with sweating. Hence, the vigorous physical movement could 
contribute to the active physiological system based on body metabolism. Heart rate and blood pressure 
presented significant effects from the fatiguing exercise whereas the body temperature did not indicate 
any distinguishable impact. The results presented might act as the basis of reference for physical 
exercise by monitoring the vital sign parameters.  
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INTRODUCTION 
 
Vital signs are a measurement of the body's most fundamental 
components in the nursing assessment (Chester & Rudolph, 2011). 
There are five vital sign organs, which control our body’s physiology, 
namely the brain, heart, kidneys, liver, and lungs. Four main vital signs 
that are routinely monitored by medical practitioners and healthcare 
providers are heart rate, body temperature, blood pressure and 
respiration rate. There are a number of health issues that treatment 
benefits from vital sign monitoring (Yilmaz et al., 2010), and is also 
widely used in emergency departments (Ljunggren et al., 2016) as a 
first indication for screening the health condition of the patient before 
any further treatment. It is known to reduce the number of mortality due 
to unexpected events such as cardiac arrest through recognition of an 
abnormal sign in the vital locations (Nurmi et al., 2005).  
Previous studies have investigated an effect of exercise on two 
parameters’ response such as heart rate (Chen et al., 2015; Itoh et al., 
2013; Mazzoleni at al., 2016), blood pressure (Douglas et al., 1987; Itoh 
et al., 2013), respiratory rate (McEntire et al., 2016), and body 
temperature (Towey, Easton, Simpson, & Pedlar, 2016). However, 
combination of three vital sign parameters in exercise response are still 
lacking and less studied. Furthermore, the vital signs are not broadly 
used in sports with the exception of heart rate and respiratory 
monitoring due to the limitation on the device portability. 
Physical fatigue or muscle fatigue is not merely an effect of 
activities in the muscular system, but it is also reflected in other 
physiological systems in our body. In order to identify systems that 
contribute most to physical fatigue, the vital sign parameters can be 
observed. Nevertheless, the vital organ system is not commonly 
considered as part of the muscular system. The muscle is linked 
indirectly to the heart which pumps oxygenated blood throughout the 
body, including the muscles, in order to simultaneously remove 
deoxygenated blood. Therefore, any exercise intensity using the 
muscles will influence the physiological system, and this can be linked 
by monitoring the vital sign parameters. 
 
Blood pressure 
Blood pressure (BP) is an important vital sign parameter for early 
detection of cardiovascular disorders and circulatory system diseases in 
pre-sick patients by focusing on the capability of heart to pump the 
blood (Lopez et al., 2010). Commonly, exercise testing is conducted to 
reveal any metabolic problem by observing the pattern of blood 
pressure, and it also can be associated with the heart rate variability 
(Itoh et al., 2013).  
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For the sedentary population, the peak systolic BP of 214mmHg 
and above after exercise can be predicted as the high-risk possibility of 
hypertension occurrence based on the guideline from American Heart 
Association (AHA) (Caselli et al., 2016). Therefore, physical activity 
has a strong agreement to BP as it is influenced by body weight, gender 
and age (Itoh et al., 2013) whereas the robust determinant for sports 
disciplines is body mass index (Caselli et al., 2016). 
Cardiorespiratory 
The easiest way to determine the body fitness is by referring to the 
resting heart rate which is measured in the early morning before getting 
out the bed. However, this variable is an independent risk factor, due to 
the surrogate marker of subclinical disease states or a marker of poor 
physical fitness (Jensen et al., 2013). Since there is a close relationship 
between heartbeat and respiration of body fitness, most of the 
researchers use the term “cardiorespiratory fitness” to describe the 
effect of both physiological systems (cardiovascular and respiratory) 
towards fitness. On the other hand, the cardiorespiratory fitness does 
not differ by race and Hispanic origin, or by the family income-to-
poverty ratio (Gahche et al., 2014). Hence, the maximum rate of oxygen 
consumption (VO2 max) is used to express the cardiorespiratory fitness 
measurement as the maximum oxygen uptake into the body during an 
exercise test.  
In cardiorespiratory, there are two main parameters involved, 
which are heart rate and breathing rate. These parameters are measured 
based on the activities from the internal organs heart and lung. For heart 
rate, the measurement is based on the number of heartbeats performed 
within one minute while the breathing rate is reflected by the number 
of breathing cycles within a minute. One breathing cycle consists of a 
complete inspiration and expiration process. Normal heart rate and 
breathing rate are ranging between 60-100 beats per minute (bpm) and 
12-20 respiratory rate (rr), respectively. However, for the active person 
especially athletes with excellent body fitness, these values can fall to 
a minimum of 40 bpm and 10 rr known as bradycardia. The heart and 
breathing rate will be lower than normal because heart is in an efficient 
condition to circulate the blood around the body with less force 
required. 
Body temperature 
The human body can sustain a constant body temperature at 37oC 
as a result of a balance between heat production and heat dissipation by 
the thermoregulatory system (Tanda, 2016). However, during an 
exercise, body heat is generated based on the activities and movements 
performed (Neves et al., 2016). This is due to the muscle contraction 
that requires oxygen as a fuel to be activated (similar to an engine) in 
order for the process to become faster which produces heat depending 
on the metabolism rate.  
Athletes are particularly susceptible to heat-related illnesses 
because they have frequent training every day under high ambient 
temperature. Under this condition, the rate of heat production exceeds 
the heat dissipation and the core temperature tends to increase. Hence, 
a "cooling mechanism" will be activated to counter the heat production 
by increasing the sweating and evaporation concurrently. On the other 
hand, if elevated body temperature occurs in extreme conditions, which 
is more than 40oC, it will become life-threatening and fatal. 
Furthermore, it can result in the enormous damage to the human body 
and performance degradation (Adams et al., 2016) which will lead to 
collapse owing to hyperthermia (Tanda, 2016). 
To date, studies on exercise effects are focused on specific 
parameter of the vital signs such as blood pressure, heart rate, and 
temperature individually (Cruz, 2016; Gläser et al., 2013; Tuka et al., 
2015; Weigert et al., 2018). Thus far, there is an insufficient study in 
correlating the vital sign parameters concurrently with intense exercise 
to the level of fatigue in order to reveal the extreme conditions of the 
body physiology. Therefore, this study was aimed to investigate the 
significant vital sign parameters which can be set as a threshold value 
for fatigue states. These acquired data and analysis are believed to 
provide more reliable indicators that are required in physical fatigue-
induced exercise. 
METHODOLOGY 
Subjects 
All five male volunteeres were randomly selected from different 
backgrounds to participate in this study. The subjects’ demography 
(mean±SD age: 24.2±1.6 years, height: 170.3±4.74 cm, weight: 
68.1±12.83kg) with no previous history of injuries and accidents. The 
body mass index (BMI) was calculated in the kg/m2 unit. Inclusion 
criterion of the subject was sedentary people with no heart disease 
problem and passing the screening procedure. The study was conducted 
in a safe and controlled environment in the laboratory without any 
possibility for injury to occur. All subjects were required to complete 
and sign a writted informed consent form prior to testing.  
Screening procedure 
Prior to any warm-up activity, the subject body was attached to the 
12-lead electrocardiogram (ECG) device to monitor the heart condition 
in the resting position. All ten gel-type Ag/AgCl wet-electrodes were 
placed on the body based on the American Heart Association (AHA) 
protocol. It was recommended by many sporting organisations for 
conducting the pre-participating screening procedure before attending 
any competitive events, especially for a young athlete (Asif & Prutkin, 
2015). PC-based resting ECG (Welch Allyn, United States) was used 
to perform the screening procedure for both conditions at resting and 
exercise on the treadmill. It was necessary to identify any heart 
abnormality in each subject before performing the fatigue experiment.  
However, in vital sign monitoring, heart rate was considered 
enough to identify the exercise zone condition. Furthermore, peripheral 
oxygen saturation (SpO2) was important to be taken into account for 
identifying the amount of oxygen in the blood. More precisely, it was 
the percentage of oxygenated haemoglobin (HbO2) divided into the 
total of haemoglobin (Hb+ HbO2) as presented in Eq. 1. For a normal 
SpO2, values varied between 95 and 100%. This value was one of the 
inclusion criteria for subject selection in a fatigue protocol. 
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In order to calculate the percentage of the exercise zone condition 
based on the heart rate, it could be derived from Karvonen’s formula in 
Eq. 2 below: 
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HRmax and HRrest are maximum heart rate and resting heart rate, 
respectively. Interpolation between these two parameters contributed to 
the level of exercise in percentage value. To measure both parameters 
(heart rate and SpO2), hence, the commercial pulse oxymetry device 
was selected to use in this screening procedure. 
Exercise-induced fatigue protocol 
This fatigue-induced protocol was conducted following the 
method proposed by Ahmad et al. (2018). Nevertheless, the equipment 
used in this experiment was changed to the vital spot monitor (Welch 
Allyn, United States). The advantage of this equipment was an 
integrated vital sign monitoring particularly for blood pressure, heart 
rate and body temperature as shown in Fig. 1. A control lab 
environment was set up to ensure the temperature, ambience, and 
humidity were similar in every experiment conducted.  
The subjects were educated with the experiment protocol by 
referring to the consent form provided and signed for declaration. These 
selected subjects were those who passed the screening procedure. Vital 
sign parameters (blood pressure, heart rate and body temperature) were 
measured to be stored as resting data. The subjects were required to run 
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on the treadmill with an initial speed of 4km/h and the intensity was 
increased by 1km/h at every 2 minutes interval. During running, the 
subjects would identify their fatigue condition based on the Borg’s 
scale rating. The scale has 10-points starting with 1 (light) and ending 
with 10 (fatigue). In order to stop an experiment, the subjects are 
required to stop the treadmill by themselves when the condition of 
volitional fatigue was achieved, ensuring the subjects do not force 
themselves which could lead to injury. The vital sign parameters were 
recorded again and kept as post-fatigue data. The experiment was
conducted with the necessary medical aid prepared for any unexpected 
situation. Finally, the subjects performed their own recovery method to 
ensure their condition went back to normal. 
Fig. 1  Equipment setup with vital sign monitor and treadmill. 
RESULTS AND DISCUSSION 
The findings of the present study suggested that the heart rate (HR) 
was consistent with findings from Neves et al., (2016) that showed a 
significant increase in HR during exercise (Fig. 2). It was followed by 
steady increase in the blood oxygen saturation (SpO2) as time went on. 
However, these results were based on data of 5 minutes and it clearly 
remained in the steady state of HR afterwards as proved by Bellenger 
et al., (2016). Although both parameters HR and SpO2 were measured 
differently, they came from one source of reference, which was
peripheral blood volume. Therefore, it has a close relationship with the 
characteristics of pattern and trend. When an exercise was performed, 
the heart would pump aggressively to supply adequate oxygen to the 
muscle for contraction and SpO2 or oxygen capacity in each volume 
was presented with the capability of haemoglobin to transport oxygen. 
Besides that, this oxygen was related to the volume of oxyhemoglobin 
compared to the deoxyhemoglobin in the arterial blood vessels (Liang
et al., 2016). On the other hand, the fitness of the subjects could be 
associated with the SpO2 and HR. 
Fig. 2  Correlation of heart rate and SpO2 elevation. 
By comparing the measurement of heart rate by using oxymetry and 
ECG in Fig. 3, it was shown that ECG had more detailed evidence 
regarding heart characteristics for depolarisation and repolarisation of 
the ventricles. The pattern of ECG presented information that could be 
used to identify and diagnose any heart-related disease. Fig. 3 depicted 
the ECG for lead I, II and III that represented the heartbeat in different 
angles of measurement based on the location of electrodes to comply 
with Einthoven’s Law. The peak of ECG was denoted as R and the 
distance between peaks was represented for the heart rate variability 
(HRV) which was calculated from the number of boxes with value of 
25 mm/sec in the ECG paper. By observing these ECG signals, Fig. 
3(a) and Fig. 3(b) indicated the measurement before and after the 
exercise. The average parameter for heart rate increased from 86 bpm 
to 111 bpm, while the distance of overall PQRST was shorter due to the 
HRV that became faster. For pre and post exercise, the parameters of 
PQ and QT were decreased from 148 ms to 135 ms and 349 ms to 322 
ms, respectively. However, QRS showed the most consistent value 
from 79 ms to 80 ms.  
In sports application, detailed information of ECG was not a 
required measurement for heart rate monitoring since the information 
from the oxymeter was adequate for analysis. Most of the measurement 
by ECG was used for detecting disease related to the heart problem 
from its signal waves such as sleep apnea (Sharma & Sharma, 2016), 
hypertrophic cardiomyopathy (Grazioli et al., 2015), and arrhythmias
(Petrėnas et al., 2015). Moreover, the 10-electrodes attached to the 
body were wired, which disrupting the athlete’s movement during 
exercise and hence, the signal of ECG was difficult to be analysed due 
to motion artefact. In contrast, there was previous researcher that used
ECG as a measurement for heart rate, but it was limited to the single-
lead with minimum two electrodes (Orchard et al., 2013; Sharma & 
Sharma, 2016) compared to these 12-leads. Also, the ECG 
measurement by using PC based resting ECG was constrained for only 
10 seconds and not suited for the real-time monitoring condition. 
Hence, the simplest way to measure heart rate could be done by using 
oxymeter rather than ECG. 
Fig. 3  ECG rhythm of lead I, II and III for (a) before and (b) after exercise. 
Table 1 shows the details of vital signs selected for resting and post-
fatigue experiments in a different type of BMI categories. There were 
four categories to be considered in this study to represent the whole-
body composition category: underweight BMI<18.5; healthy BMI 
18.5-25; overweight BMI 25-30 and obese BMI>30. Then this data was 
divided the blood pressure into systolic and diastolic pressure for upper 
and lower threshold. Hence, Fig. 4 exhibits the changes in blood 
pressure for systolic and diastolic pressure in pre and post exercises by 
subject assessment. Strong evidence of blood pressure was found to be 
increased in post-exercise for all categories whereas contrast for the 
underweight category. It was declined from 114 mmHg to 99 mmHg 
and 78 mmHg to 50 mmHg for both systolic and diastolic pressure, 
respectively. On the other hand, diastolic pressure was deteriorated in 
all categories except for subject 2, which was BMI overweight. The 
difference in diastolic between pre and post exercise was slightly 
reduced 1 or 2 mmHg for the healthy group while the other group would 
contribute the changes up to 49 mmHg.  
The most surprising aspect of the data was in the gap between 
systolic and diastolic pressure when it developed the bigger size in post-
exercise condition regardless BMI category. The gap size for pre-
exercise was consistent from the beginning by 40±4.43 mmHg, and it 
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was grown up to 57±6.8 mmHg for post exercise. Unfortunately, the 
measurement of blood pressure by using this device has 
somedrawbacks regarding data effectiveness. At the end of the 
experiment, the pressure was dropped due to body recovery, and it was 
difficult to detect the constant pressure once it was finished. 
 
 
 
Table 1  Demographic data of subjects after fatigue exercise. 
 
    Blood Pressure (mmHg)     
Subject BMI Category  Systolic Diastolic Gap HR(bpm) BT(oC) HR (max) Time (s) 
1 32.8 Obese 
Pre 125 81 44 66 36.8 
155 715 
Post 132 68 65 131 36.6 
2 25.3 Overweight 
Pre 111 66 45 69 36.7 
196 775 
Post 126 73 53 119 36.9 
3 17.5 Underweight 
Pre 114 78 36 95 36.7 
204 855 
Post 99 50 49 150 36.2 
4 20.0 Healthy 
Pre 112 76 35 76 36.8 
191 912 
Post 126 73 53 127 36.5 
5 23.0 Healthy 
Pre 111 72 40 98 36.7 
168 700 
Post 134 71 63 145 36.3 
 HR is a heart rate measured in beat per minute 
 BT is body temperature in degree celsius 
 
 
Since the heart rate measurement represented the point when blood 
pressure was detected, therefore, this situation was occurred to the heart 
rate for post exercise as well. The time-delayed caused the body to 
recover back to the normal by reducing the blood pressure, similarly to 
the heart rate. However, the data showed sufficient information about 
the changes in blood pressure when performing an exercise. Moreover, 
a positive relationship between BMI and blood pressure was excluded 
for underweight category. Interestingly, underweight was observed to 
use more acid lactic rather than oxygen from the blood to contract due 
to fewer numbers of muscle fibre that activated during exercise. 
Increasing production of lactic acid would cause an unbalanced 
biochemical reaction in the physiological system. Hence, the 
underweight category would feel symptoms such as dizziness, faintness 
and collapse. In this case, the safety aid box has been prepared if such 
an emergency situation was occurred.  
 
 
 
Fig. 4  Effect of blood pressure for pre and post exercise. 
 
There has a strong, positive relationship between heart rate and 
exercise condition. It was presented in the Fig. 5 when the heart rate 
was increased dramatically from pre to post exercise. However, the 
maximum heart rate would indicate the fitness of the subject to perform 
the experiment based on the time taken of an experiment conducted. 
The differences in heart rate for each subject could be related to the 
BMI as revealed by the value of slope in every linear graph. The lowest 
degree of slope and the longest time taken were 5.59 degree and 912 
seconds, respectively for Subject 4, declaring as an excellent fitness 
compared to the others. It was followed by Subject 2 and Subject 3, 
after considering the pre-exercise heart rate. Even though Subject 5 
began his pre-exercise heart rate as the highest value, the slope was in 
the gap of average, which was 6.71. Finally, Subject 1 was indicated as 
the lowest fitness since the BMI was in the obese category and the 
highest slope contribution was 9.09.  
 
 
Fig. 5  Heart rate changes due to exercise. 
 
 
Fig. 6  Body temperature measured for pre and post exercise. 
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By referring to the Table 1, the maximum heart rate that could 
be recorded during an exercise was 155bpm, 196bpm, 204bpm, 
191bpm and 168bpm according to the subject sequence. Based on the 
theory of Karvonen’s formula in Eq.1, the maximum heart rate of all 
subjects was ranged from 195.8±1.64. However, only Subject 2 and 
Subject 4 reached the targets while Subject 3 was over, and Subject 1
and 5 were under target. Comparing to both values, the percentage 
intensities were as following: 67%, 100%, 104%, 96% and 78%. It was
revealed that Subject 1 and 5 did not push their effort to the real fatigue 
limit based on the heart rate indicator. Conversely, blood pressures for 
both subjects in post-fatigue exercise showed the highest gap in 
between systolic and diastolic pressures, which were 65 and 63 mmHg. 
Therefore, the physical fatigue could not be identified merely by one 
parameter, but another variable should be considered into account to 
observe the phenomenon in a complete view. Besides, the subjects
would not adapt with the fast pacing on the treadmill due to increasing 
of speed intensity from time to time. This condition would force the 
subjects to run faster from their comfort pacing and would affect their 
leg muscles to remain in aerobic exercise. The body temperature of 
each subject for pre and post exercise was illustrated in Fig. 6. Body 
temperatures for all subjects were appeared to be in decrease trend, 
except for the Subject 2. The temperature change was ranged in 
between 0.32±0.12oC. The highest and lowest reductions were 
observed as 0.5oC and 0.2oC for Subject 3 and Subject 1, respectively. 
Similar result was found from Neves et al. (2016) that the skin 
temperature was decreased on the active muscles during exercise and 
the first minutes of the recovery period. In addition, according to Tanda 
(2016), the duration and exercise intensity would contribute to the heat 
accumulation, however, the system immediately would be balanced by 
heat dissipation sufficiently. Since an experiment was conducted indoor 
and at low ambient temperature, the rate of heat loss was exceeded the 
heat production and body temperature was tended to decrease. 
CONCLUSION 
This study showed that there was a potential to identify the effect 
of physical exercise-induced fatigue by employing the vital sign 
parameters. This study indicated parameters that were significant for 
the fatiguing exercise were blood pressure and heart rate, while the 
body temperature did not indicate any distinguishable impact. Different 
BMI could affect the blood pressure after performing exercise-induced 
fatigue experiment. Besides, the difference gap between systolic and 
diastolic blood pressure was informative to indicate the fatigue 
condition. Further study might be conducted on more participants and 
better insights might be revealed further.  
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